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Chaff dispenser

Chaff

94 GHz Doppler FMCW 
Radar (vertically pointing)

• pre-cut metallic coated fibers (cut to 3/4 mm-1/4 of the 
radar wavelength)

• the terminal velocity of the fibers is about 2 cm/s: they 
effectively track air motions

• dispersed near the cloud top and edge of small cumulus



Chaff 
dispensed

Cloud studied: Taken  1 min 
prior to the leg 1
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1=leg 1

1. Chaff was dispensed (3-along and 
cross wind): time elapses from blue 
to red colors in above figure.

2. Aircraft made penetrations of the 
cloud of interest at lower levels to 
observe the chaff clouds above with 
the radar

Method



Leg 2 : working on chaff
(cross-wind direction)

Leg 3: after chaff dispensed
1000 feet lower than Leg2

Characteristics of the cloud (thermodynamic analyses) 

Downdraft along the cloud, 

lower temperature, negative buoyancy



(a) Reflectivity
Chaff descends along the cloud 
edge (outside) : refer to 
LWC+1.4 (white line)

(c) Spectrum width 
Narrow spectrum width where 
chaff observed

(b) Doppler velocity
• Downward motions where chaff 

descends
• Strong updraft along the 

upshear side of cloud (cloud 
droplets grow)

Chaff detection from the radar : leg 3
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Cloud-Environment Interface 
Studies

Where does entrainment occurs in the cloud?
Mechanism for air exchange at the interface?
(A. Blyth, NCAR)

The definition of entrainment depends on our ability to clearly 
define the boundary. This can be ambiguous in practice.
(C. Bretherton, UW)

Pavlos Kollias

McGill University



Where entrainment occurs in clouds?

• There is a lack of consensus concerning the dominant location of the entrainment.

• Numerical studies of Heus et al. (2008) using LES and Lagrangian particle tracking

indicate the lateral mixing as dominant with no evidence for significant cloud-‐top 

entrainment. These results are in agreement with the observational studies of

Gerber et al. (2008) among others.

• However, in other studies the cloud top has been identified as a dominant region

of the entrainment (e.g. Jensen et al. 1985, Lu et al. 2008). The observations of the

generation of the larger drops predominately in cloud-top regions (e.g. Small and

Chung 2008) suggest that the top entrainment may be important.

• According to Blyth (1988) the entrainment occurs near the ascending cloud top, 

followed by descent around the edges of the mixed parcels. The numerical

simulations of Zhao and Austin (2005) support the shedding thermal model

proposed by Blyth et al. (1988) and suggest that the vortical circulation is primary

responsible for the large-‐scale entraining eddies. The importance of a

recirculating vortex at the top of the ascending thermal for the entrainment has

been discussed in Blyth (1993).



Radar reflectivity gradient near the cloud edge – Dry air intrusions are evident 
by inward (downdraft) velocities and reduced reflectivities near the cloud 

boundaries (top)

• (a) Detailed view of the 

vertical velocity contour for a 

small segment of observations 

(0915:50–0919:50 UTC) where 

the downdraft structures are 

shaded. The updrafts and 

downdrafts with absolute 

velocities more than 1 m s−1

are shown and the contours 

are plotted with 0.5 m s−1

interval. The cloud boundaries 

are also shown. 

• (b) Radar reflectivity contour 

from −31 to −40 dBZ near the 

cloud top, where the cloud 

boundaries are also shown. 

The dot–dashed line is the LWP 

for the same period

• Kollias and Albrecht, 2000

Cloud top

Cloud base



Doppler Measurements 

• Evidence of penetrating 

downdrafts and descending 

shell (Kollias et al., 2001) 



Doppler Measurements
• In addition to the profiling radars Doppler measurements, for the first

time we will have systematic observations of the horizontal wind

component in clouds using the Doppler velocity field from the

scanning cloud radars

Damiami et al., 2006; 2008 



Doppler Measurements

Multiple thermals

Successive pulses

Active and decaying cloud parts

Existence of toroidal thermals 
(Scores and Ludlam, 1953

Large scale (100-500 m) intrusions of 
dry air

Small-scale turbulence at the cloud-top



Characterize the Sharpness of the cloud edge

• Gradient of Z (conditionally LWC) across the cloud edge

• Gradient of vertical air motion (Doppler) – divergence

Challenges: 
• Our sensors can also “misrepresent” the sharpness of the 

interface

• Need a mechanism to detect “clear air motion”

• (Bragg scattering and/or use of chaff)

Radar-based capabilities

• Cloud top height and velocity

• Eddy dissipation rate measurements 

• Detection of large droplets

• Temporal evolution of cloud elements


